Objective: To evaluate the association of lifestyle patterns related to physical activity (PA), sedentariness, and sleep with endocrine, metabolic, and immunological health biomarkers in European adolescents.
| INTRODUCTION
Adolescence is characterized linked to key changes in lifestyle habits, as well as metabolic and psychological functioning. 1 Physical activity (PA), sedentary behaviors, sleep time, and body composition are critical yet modifiable, adolescent's health-related behaviors. 2, 3 There is a growing evidence indicating that PA, particularly moderate-to-vigorous PA (MVPA), seems to be independently associated with insulin resistance, blood lipid concentrations, blood pressure, inflammatory proteins, and cardiorespiratory fitness in children and adolescents. 3, 4 Moreover, it has been suggested that the promotion of PA and the reduction of excessive weight may reduce metabolic risk factors in adolescents. 1 On the other hand, higher time spent in sedentary behaviors is associated with increased risk of allcause and cardiovascular disease mortality. 5 Sleep duration is another critical factor for adolescent's health and health-related behaviors. 2 It has been previously reported that the sleep time is inversely associated with C-reactive protein levels 6 and a healthier immune profile in adolescents. 8 Moreover, adolescents who sleep less than 8 hours/day have higher adiposity markers. 9 The presence of metabolic risk factors and obesity during childhood and adolescence seems to track and predict the development of metabolic disorders later in life. 9 Adipose tissue is a well-known source of inflammation, considered as a complex and highly active metabolic endocrine organ that can secrete various molecules, such as leptin, C3 and C4 complement factors, and cortisol among others. 10 Leptin is an adipokine that has been recognized to have a major role on energy balance and to appear in high serum concentrations in adolescents with obesity. 11 Leptin concentrations in adolescents are positively associated with body mass index (BMI), body fat (BF %) and homeostasis model assessment-insulin resistance (HOMA-IR) 12 and with a high cardiometabolic risk in adolescents. 11 In addition, leptin has also been associated with sleep deprivation, 13 and PA levels. 14 C3
and C4 complement factors are acute-phase proteins, important components of the immune system that are associated with increased levels of cardiovascular disease risk factors with pro-inflammatory effects 15 and have been proposed as potential biomarkers of CVD risk in adolescents. 11 Cortisol has a main role in regulating immune responses, particularly inflammation. 16 In addition, it is considered to be a reliable marker of stress with an influence on adipose tissue and energy balance. determinants on the metabolic health in adolescents seems pertinent.
The present study was aimed at evaluating the association between lifestyle patterns (including PA, sedentary behavior, sleep time, and anthropometric factor) and endocrine, metabolic, and immunological health markers in European adolescents. Vienna (Austria). 18 The methodology used in this study has been published elsewhere. 19 The total eligible HELENA-CSS population con- 
| Assessment of physical activity
The ActiGraph monitor (ActiGraph GT1M, Pensacola, Florida) was used to assess objectively the physical activity in free-living conditions. 20 Adolescents were instructed to wear the accelerometer against the lower back for seven consecutive days using an elastic waistband. The accelerometer was worn during awake time and ) and as mean counts/day.
| Assessment of sedentary behaviors
A self-report sedentary behavior questionnaire (designed ad hoc) was administered during the school hours as described elsewhere. 22 Adolescents reported the time spent viewing TV, playing with computer games, playing with console games, surfing by internet for reasons other than studying, surfing by internet because of study reasons, and studying (non-school time) for both week and weekend days. The sedentary questionnaire is valid and reliable. 
| Anthropometry
The anthropometric methods followed in the HELENA-CSS have been already described in detail by Nagy et al. 24 Skinfold thickness were measured to the nearest 0.2 mm in triplicate in the left side at triceps and subscapular using a Holtain Caliper (Crymmych, UK), and percentage body fat was estimated (Slaughter et al, 1988) . 42 Thereafter, fat 
| Statistical analyses
The analyses were performed using the Statistical Package for Social Table 1 and Table 1S, 
| RESULTS
Descriptive characteristics of the participants are presented in Table 2 . Boys spent more time in LPA, MVPA, sedentary behavior, and sleep times, and presented higher waist circumference than girls.
In contrast, girls presented higher fat mass index than boys. After stratifying the total sample by gender, the selected dependent variables showed few correlations among them (data not shown). Table 3 shows those variables with significant values in each cluster both in boys and girls. When the analyses were repeated including Tanner stages the results remained unmodified (data not shown).
To better understand the relationship between the abovementioned clusters [1] [2] [3] Figure 1S ).
When it was evaluated whether cortisol had a strong interaction with any of the clusters, we only found significant results in boys.
Firstly, cortisol had the strongest interaction with cluster 1. Cortisol from healthy group had the strongest interaction with cluster 3, and cortisol from medium healthy and unhealthy groups had the strongest interaction with cluster 2 ( Figure 1A ).
In addition, leptin had strong interactions with cluster 3 in boys (healthy/medium healthy (7.2 AE 10.2) ng/mL vs unhealthy (13.1 AE 18.0) ng/mL) and in girls (healthy (19.1 AE 15.0) ng/mL vs medium healthy/unhealthy (36.6 AE 27.3) ng/mL). When it was evaluated whether leptin had the strongest interaction with any of the clusters, we found that leptin had the first strong interaction with cluster 3 in both boys and girls. In boys, leptin from both unhealthy and healthy/medium groups had a strong interaction with cluster 2 (Figure 2A ). On the other hand, leptin in girls from the medium healthy/unhealthy group had a strong interaction with cluster 1 ( Figure 2B ). HOMA index could confirm the results that we observed by ANOVA in girls and we found that healthy girls group from cluster 3 presented the lowest mean (2.1 AE 1.2) vs medium healthy/unhealthy (2.5 AE 1.9) ( Figure 1C ).
Moreover, for C3 and C4 complement factors DT analysis con- any of the clusters, we found that C3 had the strongest interaction with cluster 3. Subsequently, healthy/medium healthy groups had the strongest interaction with cluster 1 ( Figure 1B ).
| DISCUSSION
Our results support the existence of different associations on metabolic health depending on the behavioral pattern considered, and with some differences between genders. Overall the healthiest groups from the three analyzed clusters presented a healthier metabolic profile in boys and girls. However, despite some gender-specific differences, cluster 3 showed more associations with the studied endocrine, metabolic and immunological markers. Collectively, these findings suggest the existence of a close biological relationship between the combination of lifestyle patterns' and metabolic health.
Adolescence is a period of life that has been associated with several metabolic changes and a decrease in PA levels. 1 Although there is evidence supporting that PA, 25 sedentary behavior, 5 sleep time, 26 and body composition 9 can influence metabolic health, we are not aware of previous studies examining the combination of these variables on endocrine, metabolic and immunological markers in adolescents.
Concerning leptin the unhealthy adolescent groups had the highest concentrations. These results concur with those found by other authors. 11, 27, 28 Leptin directly regulates the production of several cytokines, although it displays both pro-and anti-inflammatory properties. 29 High levels of leptin are associated with pro-inflammatory risk, impaired vascular function, insulin resistance, and obesity. 30 We also studied leptin across all clusters and DT analyses showed the strongest interaction between leptin and cluster 3 in both boys and girls. Interestingly, cluster 2 had a stronger interaction in boys while cluster 1 only in girls. These results might be explained by the genderdifferences of behavioral patterns and leptin concentrations. Indeed, leptin is mainly produced by adipose tissue and its circulating concentrations are positively associated with fatness. 31 However, leptin action is not limited to adipose tissue, occurring also in the skeletal muscle, liver and intestinal function. 31 In addition, leptin has also a circadian rhythm and sleep deprivation is associated with changes in the leptin concentrations, which could lead to an increase in appetite and consequently in weight gain. 13 However, the association between sleep time and leptin may be modified by gender, 13 which may explain the strong interaction with cluster 2 only in boys.
Cortisol, a glucocorticoid hormone synthesized by the adrenal cortex, is considered the stress hormone and can be influenced by several biological conditions, including increased body weight. 17 When cortisol concentration was assessed in each cluster, the lowest values belonged to the healthiest groups, both in boys and girls, except in cluster 3, where this outcome is valid only for boys. This outcome is in agreement with that found by other authors. 7, 32 Surprisingly, although medium healthy girls group from cluster 3 met MVPA recommendations, they presented the worst anthropometry factor (Table 1) . Sex-differences have been found in the psychosocial behaviors during youth 33 ; in fact, this result may be partially caused by the different socio-cultural rules and expectations applied to girls, especially focusing on weight gain. 34 In addition, depression and other psychological alterations have been pointed out to lead to obesity, especially in girls. 35 We could speculate that these characteristics may explain to some extent our results taking into account that depressed people (especially, girls) have been shown to have the highest risk of obesity. 35 These findings could explain the absence of any subsequent interaction with the other clusters in girls in our DT analyses. Indeed, no direct significant associations have been shown between cortisol and body composition by other authors, 36 although the current results suggest the interest to include also the anthropometry factor, because of the significant interaction with clusters 1 and 3 in boys. Particularly, we observed this interaction within the healthy group and the lowest cortisol levels found in this group. We found the lowest cortisol levels in healthy/unhealthy groups which could imply that adolescents who In our population, when we studied the HDL-c levels and HOMA index across the clusters, we found that HDL-c had the strongest association with clusters 1 and 3 in boys. In addition, the healthy girls group from cluster 3 had the lowest HOMA index level. These findings concur with other authors. 39, 40 Consistently, Hardy et al. 41 showed that adolescent boys spending two or more hours per day of screen time on weekdays have twice the risk of abnormal levels of insulin and HOMA index compared with those peers spending less than 2 hours per day of screen time on weekdays. In summary, the present study investigating apparently healthy European adolescents has public health and clinical implications, because adolescence is a period in which many risky behaviors start entailing a major impact on adults health . 1 In addition, the present results emphasize the importance to analyze these lifestyle habit patterns together with body composition in relation to the metabolic health in this period of life.
This approach seems to be useful to promote healthy habits related to physical activity, sedentariness and sleep in adolescents, as at this age they become more independent and acquire more responsibility in taking care of themselves.
Several limitations in this study should be considered and caution should be taken in the interpretation of the findings. First, our crosssectional design does not allow us to establish causality. Second, the use of self-reported behavioral measures in our analyses, yet this questionnaire is valid and reliable to be used with adolescents. 23 Third, a single fasting baseline measurement of biomarkers was made, which could limit its accurateness. However, the big size of the sample may counteract this limitation. It would have been desirable to have objective data on sleep habits, but unfortunately, polysomnography is not feasible in population-based studies, and the adolescents did not wear the accelerometer during sleep time. Further research using emerging endocrine, metabolic, and immunological health markers is needed to contrast our results and provide new insights regarding the influence of PA, sedentary behavior, sleep time duration, and body composition at early ages.
In conclusion, we reported the existence of different interactions on metabolic health depending on the behavioral patterns established, with some differences according to gender. Our analysis emphasizes that not only an active lifestyle and less sedentary time, but also an adequate sleep pattern and anthropometry, may reduce the likelihood to be engaged in a health-risk behavior.
